The conversion of forest areas to grain cropping has promoted a decrease in soil organic matter stocks in the Amazon. This process is most striking when the conventional cultivation system is used. In order to evaluate the changes in soil carbon and nutrient stocks resulting from the time of adoption of the no tillage system in a dystrophic Yellow Oxisol of the Brazilian Amazon biome, a study was conducted in a grain producing area in the northeastern of Pará , Brazil. The treatments corresponded to the following systems: CT6-conventional tillage system with six years of implementation; No-tillage system with 3 (NT3), 4 (NT4) and
Introduction
Conversion of forests into grain farming in the Amazon has promoted changes in soil organic matter stocks (Deon, 2013) . Several factors control the dynamic of soil organic matter (SOM), such as climate, soil texture, vegetation type, soil management, besides the amount and quality of plant residues (Silva et al., 2004; Carvalho et al., 2009a; Mascarenhas et al., 2017) .
Soil management systems promote changes in soil carbon (C) stocks, which vary due to differentiated production of residues, number of crops, fertilization, methods of soil tillage and crop residue management (Sa et al., 2017; Rangel et al., 2007) . Such changes have direct and indirect reflexes on the various soil characteristics, especially the chemical ones, as well as on the organic matter contents (Tavakkoli et al., 2015; Fontana et al. 2006) .
Soil management practices based on less tillage and maintenance of residue stand out as a strategy to increase carbon levels by promoting the physical protection of organic matter, with greater aggregate stability (Sá et al., 2004) . In this context, the no-tillage system (NT) represents one of the primary advances in the productive process of Brazilian farming as the dynamics of the processes of transformation and accumulation of organic matter as well as the nutrient cycling differ from the conventional cultivation system (Anghinoni, 2007) .
Studies have been conducted under Brazilian Amazon conditions to identify alternative systems for grain production (Fontes et al., 2012; Guedes et al., 2012) . The climatic conditions in this region may promote changes in carbon dynamics, with a potential reflection on the chemical and physical attributes of soils (Guedes et al., 2012) , as the high temperatures over the year and the high rainfall rates result in intensification of the soil microbial activity (Mielniczuk et al., 2003) . This environment favors the acceleration of decomposition of organic waste allocated on the soil surface, causing the systematic reduction of initial carbon stocks (Silva & Machado, 2000) . No-tillage system is still in the consolidation phase in the Amazon as it has been adopted by grain farmers for a short time. Moreover, little is known about the changes caused by carbon stock and its influence on chemical attributes of soils, caused by the increased adoption time of this system in the edaphoclimatic conditions of the region. Therefore, the knowledge of the magnitude of soil organic matter accumulation processes and their relationship in the alteration of soil chemical attributes may allow obtaining the best ways to manage soil fertility under NT in the Amazon. Thus, this study has as hypothesis that the NT enhances stocks of soil carbon and nutrients with the implantation time, compared to the conventional system.
The objective of this study was to evaluate the changes in carbon stocks and chemical attributes in an Oxisol as a function of the adoption period of the no-tillage system under succession of corn/soybean crops in Brazilian Eastern Amazon conditions.
Material and Methods
This work was carried out in the municipality of Paragominas, Southeastern Pará , Brazil, under the coordinates 02º55'24" S and 47º34'36" W at approximately 200 meters above sea level. The climate in the region is hot and humid, Awi-type according to classification of Köppen (tropical rainy climate, with significant drought period), with annual average temperature of 26.3 º C, annual average rainfall of 1.800 mm, with two seasons, a rainy season, from December to May and another less rainy season from June to November. Relative air humidity is usually 80% (Bastos et al., 2005) . The soil was classified as dystrophic Yellow Oxisol (Oxisol) (Santos et al., 2013) , clayey textured, with an average altitude of 200 meters. The predominant original vegetation is classified as submontane dense subperenifolia equatorial forest, also known as terra firme rainforest (Rodrigues et al., 2003; Veloso et al., 1991) .
The study was conducted at the beginning of the rainy season in the region, in an area with a history of degraded pasture use and further crop sequence for grain production over the years, using production models in succession with corn and soybean crops, conducted under conventional tillage (CT) and no-tillage (NT) systems. All study areas were initially subjected to the same process of removal of the remaining vegetation, for further implantation of crops under CT and NT whose adoption periods corresponded to three, four and seven years. The areas under NT consisted of a cropping sequence, defined from the establishment of criteria of uniformity of edaphic, topographic and climatic conditions, differing only in the time of implantation of the crops.
The treatments corresponded to the following soil management systems: CT6 -area under conventional tillage system at six years of implementation, cultivated in corn/soybean rotation; NT3 -area under no-tillage system at three years of adoption, cultivated in corn / soybean rotation; NT4 -area under no-tillage system at four years of adoption, always cultivated in corn/soybean rotation; NT7 -area under no-tillage system at seven years of adoption, cultivated in corn / soybean rotation (Table 1 ). In all areas under no-tillage system, the forage species Urochloa (synonym Brachiaria) ruziziense was used as a cover crop in succession with the crops. The study areas were selected in plots with different dimensions, containing the evaluated management systems (treatment), as shown in Table 1 . In each plot, corresponding to the management systems, random subareas with dimensions of approximately 200 m were selected. Four 100m x 50m divisions (experimental units) were set in each plot, which corresponded to the repetitions.
For the evaluations of this study, soil sampling was carried out in February 2015 in all experimental units by collecting deformed and non-deformed samples at the 0-10 cm, 10-20 cm and 20-40 cm depths.
Deformed soil samples were collected between the planting rows at equivalent distances and zigzag paths. Fifteen simple samples were collected per depth to compose a composite sample, in which particle size analysis was performed using the pipette method, with mechanical agitation in high rotation apparatus, determinations of soil chemical attributes (carbon, pH, water, P, K, Ca, Mg) and estimated CEC and V%. Organic carbon (OC) was determined through the Walkey & Black method. All chemical and physical analyses followed the methodologies described by Teixeira et al. (2017) .
Soil density was determined by collecting non-deformed samples using an Uhland auger with 100-cm³ stainless steel volumetric rings. In each experimental unit, three small trenches were opened in representative portions of the Experimental Unit, where samples with non-deformed structure were collected at the mentioned depths, in the median portion of the profile of the referred layers.
Stocks of C and nutrients (P, K, Ca and Mg), expressed as Mg ha -1 , were calculated for each layer in all evaluated soil management systems by multiplying the concentration of each element (%) by soil density (g cm -3 ) and by layer thickness (cm). The methodology of equivalent soil mass described by Ellert & Bettany (1995) was used, which considers the soil mass of the treatments in relation to the soil with the largest mass (control) for the correction of the C and nutrient stocks in each of the evaluated use systems. Thus, to compose the calculation of C stocks in the 0-10, 10-20 and 20-40 cm layers, soil densities of 1.39, 1.27 and 1.25 g cm -3 were used, respectively. In order to calculate the total stock of C and nutrient, the sum of the stocks of each sampled soil layer was performed.
The results were submitted to non-parametric statistical analysis by the Kruskal-Wallis test (Zar, 1999) at a 5% probability level. This test, also denominated Stations variance analysis, does not require the assumption of variable normality nor the need for variance homogeneity between treatments (Bianconi et al., 2008) . Whether there was a significant difference between treatments, the Bonferroni multiple comparison test was used at a significance level of 5% probability. In relation to assessment of the relationship between carbon and nutrient stocks, Pearson's correlation analysis was performed at 5% probability.
Results and Discussion

Soil Density
In the topsoil (0-10 cm), the no-tillage system (NT) at four years of adoption, on average, had the highest value of soil density (Table 2) , indicating a higher surface density that can be attributed to machine traffic intensification associated with the lesser contribution of organic matter, due to the short time of adoption of this system, in relation to the conventional system. This behavior was also observed by Pragana et al. (2012) , who attribute to the few years of cultivation under NT (four years), mentioning that there was not enough time for recovery of the soil previously cultivated under CT. However, at seven years of adoption of NT, there was a reduction in soil density values in the topsoil, reaching values close to the system with shorter land use (NT3), which may be associated with higher accumulation of matter over the period in which the system has been adopted. Similar behavior was observed by Rossetti & Centurion (2015) , in which the increased adoption time of NT favored a slight reduction in density in the 0-10 cm layer of a typical dystrophic Red Oxisol, medium texture. According to Costa et al. (2004) , the non-revolving of the soil and the addition of crop residues to the topsoil trigger several interrelated physical, chemical and biological processes that result in increased aggregate stability and organic matter stocks in the soil. According to Assis & Lanç as (2005) , the increase in the adoption period in the no-tillage system favored a reduction in soil density at the 0-5 cm dept. In a study conducted on the same soil type and in the same region of this study, Guedes (2009) found that the contribution of organic matter to improve soil physical properties occurs after 5 years of no-tillage system, in a transition phase, when the accumulation of residues begins on the topsoil and the particles undergo the process of reaggregation. At 10-20 cm depth, regardless of the adoption period, the highest values of soil density were found in the no-tillage system area, which were higher than the conventional system (CT). For Pragana et al. (2012) , the soil under NT receives less traffic and as it does not go through the revolving process, it tends to promote greater surface compaction. According to Tormena et al. (2004) , one of the limitations of the use of NT in soils of clayey and very clayey texture is the compaction of the superficial layers, indicating the adoption of periodic soil tillage practices. Rossetti & Centurion (2015) also obtained higher soil density values in NT areas at seven and nine years of implantation, therefore evidencing the repercussion of the natural densification in the deeper layers of the soil, due to non-revolving and compaction caused by traffic of machines in the NT. It was found in the 20-40 cm layer, the same behavior found in the 10-20 cm layer, therefore evidencing the effect of the use of machines and the non-revolving of the soil in the increment of the density in deeper layers a no-tillage system. 
C content and Stock in the Soil
At all depths, the soil organic carbon (OC) contents in the areas under NT did not differ significantly from each other, but were higher than the area under conventional planting -CT (Table 3) . These results can be attributed to the fact that CT promotes rapid OM oxidation, with loss of native CO, due to soil tillage and harrowing practices (Cavalcante et al., 2007) . Petter et al. (2017) , in studies conducted in southern Brazilian Amazon, show that long-term carbon losses can contribute significantly to the accumulation of CO2 in the atmosphere and also undermine the sustainability of agricultural production in the Amazon, with direct consequences for exchangeable base levels and cation exchange capacity, since total organic carbon is directly related to these attributes in these soils. In a clayey Yellow Oxisol in the city of Paragominas, state of Pará , Brazil, Chaves (2014) observed that the lowest soil carbon contents were found in a newly implanted area with the crop-livestock integration system, which was initially subjected to plowing and harrowing. The soil carbon values obtained by the author were very similar to those obtained in this work, in an area under conventional system. On the other hand, minimal soil tillage, quantity and quality of rotating crop residues and cover crops over the years promote the gradual increase of organic matter content through the continued use of NT, especially in the topsoil. All areas under NT had soil carbon stock (CS) values higher than the area under NT, regardless of depth (Table 3) . By considering all the evaluated layers, the CS ranged from 21.55 to 31.81 Mg ha -1 in the area under CT6 and from 25.79 to 49.17 Mg ha -1 in the NT areas. These results indicate that in areas under conditions of higher rainfall and high temperatures throughout the year, such as the Brazilian Amazon biome, there may be greater accumulation of C in soil under NT. Carvalho et al. (2009b) obtained divergent results in a study conducted in the Cerrado/Brazilian amazon transition zone, where soil carbon stocks in the 0-30 cm layer under a no-tillage system with four years of implementation generally did not differ significantly in comparison with soil under a traditional system, cultivated with soybean after two years with rice. Maia et al. (2010) indicate that the conditions of higher humidity and temperature are likely to obtain higher rates of decomposition of soil organic matter, causing the reduction in carbon storage, when the traditional cultivation system (CT) is established in cultivated areas after the removal the native Amazon forest flora' the Amazon rainforest.
were very close, indicating that CS slightly increased in the early years of NT implementation compared to the cultivated CT6. However, at seven years of adoption, CS significantly increased in comparison to other treatments, highlighting the importance of the NT adoption period so that it can be reached or approach the system stability, provided by the greater accumulation of organic matter. In a Cerrado area after 12 years of cultivation under NT, Siqueira Neto et al. (2009) observed that soils had largely recovered the initial carbon levels found in native vegetation areas of the region. Such fact highlights the need for long-term studies in Amazon soils to evaluate when the stabilization phase of this system effectively begins. Machado & Silva (2001) state that the CS depend on the amount of straw, type of crop rotation, soil tillage, climate and doses of fertilizers applied to crops. However, according to the authors, the increase in the amount of OM is initially slow, with larger increments only at six or seven years after the implementation of NT, as observed in the results of this study. For Carvalho et al. (2009a) , the annual accumulation of soil carbon may vary regionally depending on climate, soil, management and particularly by the time of conversion of native vegetation areas to agriculture and the NT adoption period.
Considering the 0-40 cm depth, the differences in CS in the areas under NT compared to the conventional cultivation system (PC6) were 24.3, 25.3 and 36.8%, respectively, for adoption periods of three, four and seven years. This behavioral pattern may be associated with the constant deposition of plant residues and the absence of soil revolving through tillage, which reduces the exposure of protected C in the soil aggregates to the action of the microbial population, delaying the decomposition process (Al-Kaisi & Yin, 2005) . Additionally, the increase in soil C stocks is beneficial for the environment as it removes CO2 from the atmosphere and contributes to greenhouse effect mitigation (Cerri et al., 2010) . According to West & Post (2002) , the conversion of CT6 to NT annually sequesters an average of 0.57 Mg ha -1 carbon and considers NT to be one of the most consistent forms of conservation of cultivation, ensuring that the wide use of this system would sequester substantial amounts of carbon.
Nutrient Stocks and Soil Chemical Attributes
In general, P stocks were higher in the NT system. The average values of P stock in the 0-40 cm layer were influenced by soil management systems, in which CT6 showed the highest amounts of this nutrient (Table 4 ). By considering that in the different systems of use the same fertilization practices were adopted, the opposite result could be expected, with higher amounts of P available in the areas under NT, due to the possibility of smaller nutrient adsorption in the topsoil caused by the coating of adsorption sites of soil particles by organic radicals (Pauletti, 2009 ). However, these results can be explained by the greater soil variability under no-tillage system, caused by the application of phosphate fertilizer in the furrow, without subsequent soil tillage, inducing greater horizontal and vertical P variability in the soil and reflecting lower nutrient contents as a result of the sampling process (Machado et al., 2007) . Anghinoni (2007) recommends a minimum of 20 simple samples for the NT to obtain a composite sample, in order to allow greater representation in the sampling process. When studying the spatial variability of soil chemical attributes in areas under no-tillage to establish a minimum number of simple samples per sampling point, Oliveira (2017) suggests ISSN 2166 -0379 2020 collecting more than 12 subsamples to constitute a composite sample in sampling process in areas under NT, when equipment such as press auger or screw is used. According to the author, P presented the highest variability among the evaluated attributes, requiring a very high number of subsamples to represent the state of availability in the soil and to ensure greater reliability of the results. ISSN 2166 -0379 2020 *Means followed by the same letter in the same line are not different by the multiple comparison test of Bonferroni at 5% probability level.
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In the areas under NT, a trend in the increase in the nutrient quantities as a function of the adoption period was observed with an increase of up to 33% of available P at seven years (NT7) after the system implementation, in relation to the average value at four years of implementation (NT4). According to Nicolodi et al. (2008) , the relationships built in the soil over the cultivation period in NT are preserved and enriched by the diversity of species used in the rotation, favoring not only the chemical conditions that are altered and improved it, but also the physical and biological soil conditions. Although no significant difference in exchangeable K stocks between the use systems was found in the topsoil (0-10 cm), there was a tendency for an increase in the amount at seven years of NT implementation (Table 4 ). Santos & Tomm (2003) and Freitas (2011) found higher levels of K + in NT and such results may be the result of the nutrient release occurring in larger quantities in the first soil layers, due to the accumulation of plant residues from previous crops. This may depend on the amount of nutrients accumulated in the cover crop phytomass, the adoption time of the NT and the agro-climatic factors (Lopes et al., 2004) .
Stocks of exchangeable in the first 40-cm depth were influenced by the use systems, with an increase in the amount of exchangeable K as a function of the NT adoption period (Table 4) , with a 35% increase in the amount of nutrient obtained at seven years of adoption of the system (725 kg ha -1 ), compared to the value obtained at the four years of adoption (538 kg ha -1 ).
At 0-40 cm depth, exchangeable Ca and Mg stocks showed similar behavior to the other nutrients, in which the amounts of these bases in NT were significantly higher at seven years after their implantation (Table 4) . The values of these nutrients in treatments NT3 and NT4 did not differ significantly from each other, which were significantly higher than CT6. These results may be the reflection of the lack of soil tillage and greater contribution of organic matter in the NT (Lopes et al., 2007; Dalchavion et al., 2012) . The movement of Ca and Mg in the soil depth is attributed to the formation of complexes with organic binders originated from the plant residues in the topsoil in NT. Such complexes have negative or zero charges, and since the soil exchange complex has predominantly negative charges, the retention of these molecules is low (Ziglio et al., 1999; Steiner et al., 2011) . According to Moreira et al. (2001) , as cultivation period under no-tillage system increases, the distribution of Ca, Mg and values of pH and base saturation (V%) in the soil profile become more homogeneous.
Regarding soil acidity, regardless of depth, at seven years after the implementation of NT (NT7), the largest increase in soil pH (water) value was observed. Such value was significantly higher than the others (Table 5 ). The pH (water) values between NT3, NT4 and CT6 did not differ significantly from each other. These results are the outcome from management performed in the NT, with modifications resulting from the increased period in use of the area, such as the absence of soil tillage and the deposition of cultural residues (Carvalho et al., 2009a; Freitas, 2011; Rodrigues et al., 2017) . In the no-tillage system, the high concentration of organic acids can effectively contribute to the complexation of most Journal of Agricultural Studies ISSN 2166 -0379 2020 aluminum in solution, as a result of lower concentration of toxic species (Al 3+ and AlOH 2+ ) and higher concentration of Al complexed with organic ligands (Salet et al., 1999; Zambrosi et al., 2007) . In addition, soil-soluble cations resulting from the deposition of organic residues on the soil surface may promote an increase in soil pH and a decrease in exchangeable Al (Franchini et al., 1999; Meda et al., 2001) . On the other hand, the lower levels of exchangeable bases in CT6 treatment (lower V% values) may have induced the lower rise in soil pH value (Dalchavion et al., 2012) . The values of V% and CEC increased as a function of NT adoption period (Table 5 ) and are directly related to the contents of K + , Ca 2+ and Mg 2 + on the surface, by the higher soil coverage and smaller aluminum contents and lower acidity provided by the system (Freitas, 2005; Muzilli, 2006; Cavalcante et al., 2007) . In general, effective CEC increases as soil acidity is corrected due to rise in pH (Volkweiss, 1989) . However, Nicolodi et al. (2008) consider that there is no effective CEC variation under NT due to pH variation in the soil. Maintaining high soil CO concentration is critical in tropical soils because of its importance for soil fertility and cation exchange capacity.
Overall, an increase was observed in V% indexes in the soil depth mainly at seven years of cultivation under NT (NT7) compared to the values found in soil cultivated under CT. These results are associated with the highest Ca and Mg contents found in the 10-20 cm and 20-40 cm depths. According to Franchini et al. (2003) , in systems with high input of organic waste, the polyvalent cations (Ca, Mg and Al) are preferentially leached in the soil profile, which may be due to the null or negative charges of the organic complexes formed between the organic anions released from the plant residues and polyvalent cations.
Correlation Between C Stocks and Soil Chemical Attributes
According to the results of Pearson's correlation analysis, for the 0-40 cm depth, provided that the equivalent significance limit at p <0.05, it was observed that in the area under CT as well as in NT, there was no correlation between the CS and PS in the soil (Table 6) , which may be justified by the low nutrient mobility in the soil depth, considering that the P conteNT in this soil are originally low. In addition, the main source of P in these systems comes from the application of phosphate fertilizers, which concentrate on the surface, reducing the nutrient content in soil depth (Lourente et al., 2010) . By considering the benefits of NT, with higher accumulation of organic matter and, consequently, lower amounts of P in adsorbed forms (Nunes et al., 2011) , the lack of correlation of these soil attributes can also be explained by the greater variability of P in this system, caused by the application of phosphate fertilizer and the non-plowed soil, reflecting in lower levels of nutrient in the deeper layers (Oliveira, 2017) .
The stocks of K, Ca and Mg showed a significant positive correlation with the CS, only in the areas under NT, regardless of the adoption period of the system, probably caused by the mobilization of these nutrients in the soil profile, which followed the changes in the organic matter contents up to 40 cm of depth. These results demonstrate the beneficial effects of NT on soil profile formation, leading to an initial increase of organic matter on the soil surface, promoting the movement of exchangeable bases in the soil depth through the formation of complexes with organic ligands originated from the plant residues in the soil surface layer , reducing the retention of these molecules and allowing mobilization of these bases to deeper horizons, with enhancement of chemical attributes in the root environment (Steiner et al., 2011; Freitas et al., 2011) . The increase in these exchangeable cations in the soil depth promotes greater root growth and consequently increases in the organic matter in the soil profile. In an area under minimum cultivation system in the northern Mato Grosso state, in the Brazilian Amazon biome, Rodrigues et al. (2017) also obtained high correlations between soil K, Ca and Mg levels with those of soil organic matter up to 40 cm depth, whose results were related to the ability of organic matter to maintain soil fertility.
Regardless of the soil management system, no significant correlations were observed between the CS and the attributes pH (water), CEC and V%, considering the 0-40 cm depth (Table 6) . These results may be due to the calculations used to estimate the carbon stock that considered the thickness of 20 cm for the 20-40 cm layer, which is as much as twice as the previous ones, which did not occur for the referred attributes, as average values were considered for the mentioned layer.
However, considering only the values used for the 0-10 cm and 10-20 cm layers, which have the same thickness, a positive correlation was observed between the CS and pH (water) for the NT3 (r = 0.81; p = 0.02), NT4 (r = 0.78; p = 0.02) and NT7 (r = 0.79; p = 0.02). It was also verified that the SC correlated positively with the V% values in the same layers, presenting correlation coefficients equivalent to 0.91 (p = 0.001), 0.85 (p = 0.01) and 0.73 (p = 0.04) for treatments NT3, NT4 and NT7, respectively. This indicates that the introduction of conservation management practices, such as the non-tillage system, influenced the soil CS and had direct and indirect consequences on other soil chemical attributes, with improvements in soil fertility.
Conclusion
In areas under no-tillage system, carbon stock values in the 0-10 cm, 10-20 cm and 20-40 cm layers are greater than those under conventional tillage system.
In the no-tillage system, the increase in soil carbon stock is caused by the increase in adoption period with smaller increments in the third and fourth year. At seven years of adoption, a greater increase was found in carbon stock, with value about 36% higher than the conventional system.
In the cultivated area under conventional system (CT6), the stocks of P in the 0-40 cm layer are higher than under no-tillage system.
At seven years of NT implementation, the stocks of K, Ca and Mg are higher than in the conventional system.
Carbon stocks have a significant positive correlation with K, Ca and Mg stocks in areas under NT, regardless of the system adoption period, up to 40 cm of soil depth. and advance food security. Environment international, 98, 102-112. https://doi.org/10.1016/j.envint.2016.10.020
